Virtual Australia is not a well-defined or agreed concept. This discussion paper conceptualises Virtual Australia as a 'virtual [digital] model containing and representing all non-trivial objects and their contextual environment Á from blue sky to bedrock Á in real world Australia'. It describes a scenario for Virtual Australia, one or two decades from now, in which the locations and conditions of non-trivial objects and their environment are updated automatically through a combination of remote sensing and wireless communication technologies in support of a 'Supranet'. It then examines the concept of the 'Supranet' Á a pervasive information network based largely on wireless technology linking the physical world to a virtual model in real time Á and develops and discusses three principal characteristics of the Supranet: the ability to have or collect specific information (know); the ability to process information (think); and the ability to communicate that information. If, in the near future, any or all non-trivial devices are to some extent able to know, think and communicate, the potential for object autonomy will be realised.
Introduction
Virtual Australia (VA) is not a well-defined or agreed concept. This discussion paper initially proposes VA as a virtual [digital] model containing and representing all nontrivial objects and their contextual environment Á from blue sky to bedrock Á in [real world] Australia. This definition can then be more pragmatically cast as an information system that provides complete, correct and current information about Australia to anyone, at any time, at an affordable cost.
The value derived from VA will depend primarily on the extent to which the data it provides is indeed complete, correct and current.
VA draws on the concept of Digital Earth that was first put forward by Al Gore (Gore 1992) . In essence it suggests that the world can be represented in three dimensions in digital form and that information that is geographically referenced can displayed and analysed to give us a much better understanding of the consequences of human actions in the context of the natural functioning of the planet.
Completeness
VA describes Australia's environment, its economy and its society Á all land and marine territories, and all items of interest below, on and above the ground, from 'blue sky to bedrock'. Items of interest below the ground include mineral resources, geological features and built infrastructure. Items of interest on the ground include landform, water resources and vegetation. Items of interest above the ground include weather systems, flying aircraft and locust plagues. At any point above or below the ground the land use and its consequences form a vital component of our picture of VA.
Conceptually, VA is complete in breadth, depth and detail. It is complete in breadth, because it describes all of Australia's land and water (the X and Y dimensions). It is complete in depth, because it describes all items of interest in Australia (all the layers, the Z dimension).
It is complete in detail, because it describes all items in sufficient detail to support critical business processes using existing data, archived data and modelled data (temporal, the 4th dimension). These data are supplemented by transaction, modelling and processing capabilities (encapsulated in appropriate security and commercial wrappers). VA will support discovery and study of relationships between any elements within it. For example, the system can be used to study nationwide coastal shipping trends and their relationship to changing land use patterns over time.
Correctness
VA contains information at quality levels that support life and death decisions for both government and business. Examples include the management of terrorist events, bushfires, earthquakes, tsunami, the dispatch and tracking of emergency vehicles, the tracking of aircraft, ships and vehicles, weather patterns and locust plagues.
1.3 Currency VA provides data of sufficient currency to support critical use in government and private sector business processes. Much of the data held in VA will change very slowly. However, other data will change very rapidly, for example data on the position of vehicles, fire fronts and weather systems.
While it is relatively simple to define a concept like VA, it is infinitely more complicated to implement it. In practice, the volume of information needed to populate such a system and the complexity of the processes needed to underpin it means that the system could only be progressively implemented as technology, funds and science permit. In this regard there is no discrimination made between spatial data and non-spatial data, both structured and unstructured. However, the notion that all data are codified is fundamental to VA. In this context, tacit information and data become the most problematic. Note that for the purpose of this paper spatial information is defined as any information that can be geographically referenced, that is describing a location or any information that can be linked to a location (ANZLIC 2005) .
A scenario for Virtual Australia
Ten to twenty years from now, spatial data and information is just like any other commodity item Á electricity or waterÁ which is continuously available. Any customer can access it whenever and wherever it is needed and by whatever means (devices) available.
The networks used to support the distribution of data/information are not restricted. It includes extremely fast Internet, wireless networks that use a wide range of spectrum of electromagnetic signals such as infrared, microwave, short-, mediumand long-range radio signals etcetera.
All non-trivial objects will contain intelligent devices that among other things know their locations in relation to the rest of the world and provide signal/data about their locations and current status. For example, the litter bin at the northern corner of junction of Smith and Jones Street is full; the level of the bacterium Escherichia coli at Dights Falls along the Yarra River is above threshold. Data are collated centrally to build up the information base about our socioÁeconomic and natural/ built environments for analyses, modelling and decision making. However data are also broadcast to nearby devices (mobile and fixed), allowing customers or members of the public to query nearby objects of interest in real time.
Contextual datasets that collectively describe the environment, built or natural, are updated in real time/near real time by automated data/information gathering/ extraction/manipulation processes using remotely sensed data as well as data emitted by intelligent objects (perhaps 'direct sensing'). These datasets have their own archiving regimes that allow real time and historic data to be accessed and presented to meet the specific needs of customers who can pay for information they access via a wide range of charging regimes and payment methods.
Data are all standards-based, flexible enough to be interoperable with new standards agreed to by professional, industry and sectoral bodies. Data can be aggregated in various ways to meet specific locational extent needed by a customer and can easily integrate with other datasets for informed decision making based on known quality criteria.
There is a range of standard based systems that allow customers (and their autonomous devices) to:
. Search for data or a service, or an integrated collection of data and services that allows informed decisions; and . Search for friends, relatives and other collaborators, share information in real time and come to a joint decision on what to do where.
Data quality and services are packaged and communicated so that customers know at the outset the relevant fitness for purpose, accuracy, liability, privacy and other legal and institutional issues and the levels of service they are entitled to. The demands of the customers are intelligently recognised and processes initiated to expand the repertoire of data and services available.
This scenario describes an environment in which VA may function, and provides a context for its conceptualisation.
The Supranet
VA as proposed in this paper is substantially based on the 'Supranet' (Magrassi et al. 2001) , a term and a concept developed by the Gartner Group to describe the overlap of the physical and virtual worlds. Magrassi et al. (2001) list the following characteristics of the Supranet:
. Many physical objects will be coded and . . . uniquely identifiable . Intelligent devices will be embedded in physical objects of all sorts . . . . Intelligent devices will increasingly be networked via the (mostly) wireless Internet . As a consequence all [non-trivial] physical objects, animals and human beings carrying intelligent devices will also be networked, in addition to being identifiable. Gelernter (1991) provides an earlier and equally compelling vision of the Supranet, which he describes as 'mirror worlds' Á complete digital models of some part of reality. Disregarding contemporary bandwidth and software constraints, he allows these digital worlds to be kept in synch with the real world in real time, allowing assessment and management of real world entities via their digital equivalents. While this is not currently practical, there exists no theoretical barrier to its achievement. Indeed, Gelernter's vision: came a step closer to reality in the last few weeks when both Google and Yahoo published documentation making it significantly easier for programmers to link virtually any kind of Internet data to Web-based maps and, in Google's case, satellite imagery.' (Markoff 2005) .
Omitted from both descriptions, although implicit in both, is the capability for location. Thus, for the emerging 'always on' nature of wireless technology, the context provided for any physical object can include:
. Identity (who/what the physical object is);
. Location (where the physical object is); and . Time (when the physical object is). Magrassi et al. (2001) consider the Supranet to be truly pervasive and ubiquitous Á billions of intelligent, networked devices allowing direct connection between software and the physical world.
What are the consequences of the Supranet? What will it mean to have effectively labelled, enabled and connected every non-trivial physical object in our world? What does this massively distributed information generating and processing network do to our existing concepts of information management and application? A physical object that knows where it is, who and what it is, and the time it exists in may not be a candidate for passing the Turing Test, but is nevertheless an intelligent object, and certainly smart enough to fulfil its function. (Note, the Turing test as proposed by Alan Turing suggests that a device which from its responses cannot be distinguished from a human should be considered intelligent). Enhance this object with some information processing capacity (computing capacity), and the ability to communicate this information (telecommunications) and it becomes considerably more powerful and effective. Yet, once again, the vast majority of these objects do not need to be very intelligent, requiring only a level of functionality well within that provided by modern mass produced computer chips. Kelly (1997) describes these mundane objects and their equally mundane tasks:
A tiny chip plastered inside a water tank on an Australian ranch (sic) transmits only the telegraphic message of whether it is full or not. A chip on the horn of each steer beams out his pure location, nothing more: ''I'm here, I'm here.'' The chip in the gate at the end of the road communicates only when it was last opened: ''Tuesday.''
The ubiquitous presence of such intelligent devices in our environment must have consequences for the way information is collected, stored, processed and distributed.
Object autonomy is central to the function of VA Á each object having identity, processing and communication functions necessary to fulfil its functions, and interact with other objects. These three elements (identity, processing and communication) are discussed in the following three sections, prior to considering them integrally as enablers of object autonomy.
Knowledge and identity
Some level of knowledge is essential for the objects within VA, with identity being the core of that knowledge. Identity is defined broadly to be the set of attributes or characteristics necessary for an object to perform its basic functions. Establishing unique identity is fundamental:
'if all objects and individuals had their own unique code linked to a network address, an essential element of the Supranet would be realized: all individuals and large portions of the physical world would be defined in the virtual world as well'. Magrassi et al. 2001. Identity in the physical world is addressed at many levels Á names, postal and property addresses, brands, common names, any number of arbitrary and autogenerated identifiers. However, for the purposes of VA, it would be possible to identify all objects (whether persons, manufactured objects or natural objects) in two broad clusters:
. class codes * for classes (not individual objects) such as the European Article Number (EAN) or the Universal Product Code (UPC) (EPCglobal, 2005) . The European Article Number, or EAN, is the International product marking barcode standard. Its general use is in scanning, item level inventory and identification. The Universal Product Code, or UPC, is a similar standard commonly used in North America; and . Individual codes * for individual objects, such as the electronic Product Code (ePC) for use in conjunction with Radio Frequency Identification (RFID) chips. The electronic Product Code (ePC) provides the unique code for any/ every object of interest. RFID (Radio Frequency Identification Device) is an actual electronic tag able to communicate with ePC wirelessly (EPCglobal 2005) . Figure 1 shows the relationship between ePC, RFID (smart tag) and the individual article (EPCglobal 2005) .
Identity in the digital, or Internet, world is currently part of the Internet Protocol. The current version in use on the Internet is IPv4, and the version most likely to provide for the potential requirements of VA is IPv6. IPv6 will provide a 128 bit address space (that is, one third of a duodecillion, or 340,282,366,920,938, 463,463,374,607,431,768,211,456 addresses) , and provide for auto-configuration of IP addresses for all network-aware devices (IPv6 2005). Despite the size of this number, it is inadequate in terms of VA Á by way of illustration 128 bit addressing would only provide addresses for every square metre of the earth's surface; additional address space would be required for everything else.
Processing
What level of processing 'intelligence', for example, does a fire extinguisher need? In its current context none; in the context of VA, perhaps:
. Type Á description of model and functionality;
. Age Á how long since the last service;
. Condition Á empty, or full?
. Location Á a user can be directed to the extinguisher.
The first three are intrinsic to the device, the last extrinsic. The combination of these information elements allows the fire extinguisher to engage autonomously (that is, in a programmatic sense) in a network environment * if the extinguisher is within its service period, and if it is full, then it broadcasts its availability to other VA elements, or has its existence and status recorded by other VA objects, such as a databases. If the extinguisher is beyond its service period, or is empty, then it can withdraw availability, and notify an asset management resource. This level of logic processing is well within the capacity of even the simplest processor chip available today, albeit with the addition of communication capability. Embedded processors, which would be the stuff of VA, currently cost as little as US$1.80 each. The Intel 8088, used in the first IBM compatible PC in 1981, has become one of the workhorses of the embedded processor market, with tens of millions of such chips embedded in a broad range of consumer items. Table 1 ( from Hersch 1997) , while a little dated, demonstrates the size of the low-end embedded processor market and, as evidenced by the size and continuing growth of the 8-bit controller market, that processor performance is not the main issue Á what use is a 16-bit processor in a toaster? (Hersch 1997) .
In contrast, Table 2 (from Yeung 1998) demonstrates the relatively small size and composition of the emerging market for high-end (32 and 64-bit) embedded processors Á about 5% of the 4.25 billion low-end market.
Communication
Wireless technology broadly describes the technical and technological infrastructure developed for radio communications. The current focus is on wireless as a substitute or complement to the existing 'wired' infrastructure, largely comprised of relatively few low bandwidth global infrastructures (the internet) and many higher bandwidth local infrastructures (local area networks and wide area networks). A very large component of the application of current wireless infrastructure is for voice over mobile telephony, with data an increasing volume of traffic.
Communications is significant in terms of market size, technology and economic impact. The mobile telephony market is 'the largest consumer market ever: nearly as many of these devices are now in use as televisions and computers combined' (PriceWaterhouseCoopers 2001). The technology is equally impressive Á 'mobility represents the next major business and technical discontinuity facing large enterprises, and will revolutionize information' (Redman et al. 2001) while the scale of the potential economic impact is intimidating: 'operators of third generation wireless networks must deliver a vast choice of streaming media at affordable prices or face one of the biggest financial disasters in history' (Scadlock 2001) . Cost Table 1 . Worldwide microcontroller shipments 1990Á2000 (in millions) (from Hersch 1997 Hersch ). 1990 Hersch 1991 Hersch 1992 Hersch 1993 Hersch 1994 Hersch 1995 Hersch 1996 Hersch 1997 Hersch 1998 Hersch 1999 constraints in communication are also present for location, with GPS (global positioning systems) chipsets also still in the high range.
The market for mobile chip sets will continue to grow, and the cost will continue to decline as economies of scale are realised. Moreover, the cost of communication will not entirely preclude the development of the Supranet, but restrict its initial application to a smaller subset of higher value objects rather than a broader range of low value objects. So we may not see devices such as white goods as part of the Supranet for some time, but prime high value objects, including people (by extension, through personal mobile devices) and vehicles should be in the early adopter phase.
There are currently three main areas of development in wireless technology:
. personal area networks based on Bluetooth;
. wireless Local Area Networks, generally based on standard network protocols defined as part of IEEE 802.11; and . wireless Wide Area Networks, based on the cellular networks developed for mobile telephony.
In conjunction these three levels of wireless functionality have the potential to provide comprehensive mobile and distributed communication and computing capability. Their continuing development will progressively provide the comprehensive mobile and distributed computing and communication necessary for VA.
Object autonomy
Object autonomy based on knowledge/identity, process and communication, can be readily, if not pervasively, achieved now. What does this level of functionality provide, and what are the benefits and impacts of object autonomy? Perhaps the major impact is simply the scale and volume of transactions, processes and tasks that autonomous objects can achieve, without human intervention. These fall into two broad groups:
. control and execution of physical tasks and actions; and . workflow/coordination tasks.
There are many existing examples of the former, especially in industry. SCADA (supervisory control and data acquisition) systems are used to monitor and operate complex industrial and mechanical operations, including power plants. Less complex implementations monitor the natural environment, such as stream monitoring devices informing flood warning systems and regulating drainage and storage networks. VA might not radically advance beyond the concepts already in play with SCADA, but would require a radical increase in the number and scale of such implementations. This might increase the complexity and benefits achieved from them by increasing the number of elements informing the process, and the flexibility of such implementations by allowing ad hoc and configurable networks to be formed.
Such sensor networks are being established for environmental studies (Broad 2005) . They employ sensors ('smart dust' or 'motes') that detect physical changes in pressure (vibration), temperature, light, sound, or chemical concentrations and then send a signal to a computer that does something in response. Scientists expect that billions of these devices will someday form rich sensory networks Á the Supranet Á linked to digital backbones that put the environment itself online (Hoffman 2003) . Now consider the potential of VA:
. Your personal digital assistant (PDA), with your personal schedule, initiates a planning process with the transport company's scheduler (your Bluetooth enabled PDA tapping into the provider's Wireless LAN, then connecting to the transport company via mobile telephony). . No suitable delivery time can be agreed, so your spouse's schedule is checked (again by mobile telephony). . Again no suitable delivery time can be agreed, so the transport scheduler queries your house's capability to accept unattended delivery (it can, the doors are part of a household Bluetooth network that can be controlled remotely). . A time is agreed for unattended delivery, with the transport company offering to either make use of a one-time password authorised entry (generated by you) to the house at the agreed time, or to contact your PDA for permission and entry when it reaches the house. . Your insurer is contacted to confirm the transport company is a trusted provider that will not void your insurance cover.
This distributed scheduling operation can be accomplished in little more time than it takes to process the payment. The benefits of such functionality are immediately obvious at a personal level, and can be order of magnitude greater for complex planning and logistical operations in industry and the broader economy. Removing or reducing the latency and contingency factors that are built into all our processes and operations would provide significant savings to our economy.
Contextual mapping
Paper-based mapping was constrained to context mapping Á the user took a generic product such as a topographic map or navigational chart, and applied it to a specific problem or issue, with the specific problem or issue remaining (and being resolved) in the mind of the user. The Supranet expands the reach of 'mapping' from generic context to include specific elements, from background only to background and foreground. This does not, of course, reduce the significance of context Á it remains an essential component of problem solving and effective operational processes. In a Supranet, each node of non-trivial object can scan its immediate environment for information, process the information in relation to its identity and location, then reacts/responds locally or trigger actions. To be appropriate the response must be made in the context of an up-to-date wider environment. The environment scale may be a house/factory, a number of farms, a catchment, a state/ nation, a region/continent, or global.
Advances in remote sensing are providing computer networks the eyes and ears they need to observe their physical surroundings. There are two main groups of sensing technologies: ground (or direct) and remote. The first one has been covered in section 3.4.
The second one provides far-reaching environmental profiles that come from satellite-based remote sensors in space, or from aerial platforms including unmanned aerial vehicles (UAVs). For example, the bus-sized Terra satellite, sent into orbit by the Earth Observing System (EOS) at NASA in December 1999, is measuring 16 of 24 parameters known to play a role in determining climate. To increase resolution, satellites and planes carry 'active' sensors that obtain data from lasers and radar that are shot down to target areas and reflected back to an on-board detector. Advanced hyperspectral remote sensing can extract greater amounts of data from reflected radiation. These sensors yield precise measurements of chemicals in the atmosphere and, according to NASA scientist Jim Closs (Schmidt 2000) , will allow scientists to double, or even triple, the number of parameters currently monitored.
To illustrate, contextual information (the environment) collected by these two groups of remote sensing technologies can support the decision of a local business person to buy a sheep farm. While she knows that there is good potential, she is not sure of the big picture and decides to engage a local agricultural consultant to advise her with the help of VA as part of a global information infrastructure. Here is the pen picture the consultant pieces together:
Earlier in the year, the sensors in the diary processing plant indicated that one of the two sets of operational machinery, introduced 10 years ago, is suffering from a gradual but consistent reduction in milk processing capacity because of failing irreplaceable parts. The diary processing plant is the only plant in a catchment, which draws its milk from a number of dairy farms located at the northern and eastern part of the catchment.
According to information from the Bureau of Meteorology and data collected via ''motes'' deployed by Department of Primary Industries the surrounding milk producing regions have been badly affected by a drought that has been spreading for the last 7 years. The rising temperature recorded by sensors in the Pacific Ocean signals an imminent ''el nino'' which is going to sustain the drought, if not making it worse.
Two years ago the drought spread to the north-western corner of the catchment. It is already seriously affecting a very productive dairy farm of a friend of the business person, who owns a large herd of Friesian and is a major supplier to the milk processing plant. This threatens to reduce the productivity of the plant. The Dairy Council's statistics indicate that similar plants in nearby regions have been operating below capacity because of the drought. This suggests that the local plant is unlikely to source milk from outside despite the good road network connecting to adjoining regions. This significantly impacts the long term viability of the plant.
The sheep farm, which is located at the south of the catchment has been producing wool in the last 50 years. In recent years the international wool price has declined to rock bottom. Remote sensing data suggests that Australia's competitors' herds of sheep are growing and their pastures are in good condition. With continual poor demand worldwide it is unlikely that the price of wool will improve. However based on remote sensing data available the sheep farm has been producing pasture that is of sufficiently good quantity and quality for dairy cows.
The above information leads the consultant to recommend the business person to partner with her friend, the owner of dairy farm at the north-western part of the region to take over the sheep farm and convert it to a dairy farm for the existing herd of Friesian cows. Based on available productivity figures the consultant may even be able to advise that the option could provide a 30% increase in supply of milk to the plant. This option would then help the business person to decide to upgrade the ageing set of machinery to a more cost-efficient model that increases the plant capacity by 50% and the profit by 10%.
Information of local, national and global environments for the sheep farm, dairy farm and the dairy processing plant helps the business person to make informed decisions based on good science and reliable information. The information packaged in terms of the scale and time of the environments in question should be easily available through VA. It is meant to provide 1, 2, 3, 4-D contextual mapping of the environments at the appropriate scale to aid informed decision making.
Issues: innovation and change processes

Evolution, and punctuated equilibria
Innovation is not a simple process, and rarely does any significant technical or technological innovation occur without attendant alterations to the social and economic fabric that innovation will impact.
One version of modern innovation theory considers evolution to be a stop-start process (Kuhn 1996) , with long periods of little activity punctuated by a few significant events Á punctuated equilibria (Gould and Eldredge 1977) . Mokyr (1990, 351Á352) describes similarities between evolution and the economic history of technology, going on to propose that any radical advance in technology is usually 'the beginning, not the end, of a prolonged process of improvements and modifications'. David (1990) also develops this theme, providing a detailed case history built around the discovery, development and implementation of the electric motor. While the initial discovery and development of the electric motor in the mid-late 19th century can be considered a radical advance, it wasn't until the early 1930s that the electric motor began to assume the fundamental and ubiquitous place in our economy and society that it now holds. Mokyr's 'prolonged process of improvement and modifications' took, in this case, sixty years. What were the underlying causes of this slow uptake? David (1990) considers that, in large part, the causes were economic and administrative, and due to intellectual inertia. The predominant power source prior to the electric motor was the water wheel, with transmission to machinery via belts and pulleys. This mechanical transmission model imposed severe constraints Á the longer the transmission the greater the energy loss, resulting in mills being built directly on the power source, usually in multi-storey configurations. Hence the centralised power plant became enshrined Á manufacturers, industrialists, even entrepreneurs found it easier to visualise one large electric motor, and a mechanical belt and pulley system feeding hundreds of sewing machines, than to consider hundreds of sewing machines, each with its own electric motor.
When confronted with the opportunity to replace the central power resource with a distributed array of smaller self-powered devices, contemporary accounting and business practice meant that the longer term amortisation/depreciation of the expensive and existing overheads would be economically preferable to greenfield investment in electric motors. Hence, despite the enormous advantages offered by the electric motor, the contemporary mindset and business practices meant that adoption was limited and intermittent for about sixty years Á a sudden radical advance, followed by a long tail of improvements and modifications. Moreover, many of these improvements and modifications were not to the device itself, but to the economic, intellectual and administrative environments applicable to it.
The enduring nature of these conventions and institutional arrangements are illustrated by our continuing use of the term 'overheads' to describe these types of business costs.
Telecommunications and computing can also be considered radical advances in technology, with wide ranging potential benefits and consequences at least to the level of the electric motor. Each has also experienced a long tail of modification and improvement; telecommunications over a period of 100 years and computing over a period of fifty years (if the valve-based machines of the 1940s are accepted as the inception of computing).
If the convergence of telecommunications and computing is also considered as a radical advance in its own right, then it too will have its tail of improvement and modification, and we too are inured in a cocoon of existing economic pressures, business practices and mind sets that preclude a clear picture of the real potential. In short, will we be able to visualise a contemporary technological advance equivalent to millions of small electric motors supplanting a few large water wheels?
Chasm theory
Christensen (1997) describes the two types of change that impact technology as sustaining and disruptive change. Sustaining changes almost always improve the performance of established products in ways that mainstream customers historically valued. Most advances in any particular industry are sustaining in character and seldom precipitate innovation or the failure of firms leading those industries.
Occasionally however, innovations emerge that offer a different value proposition Á disruptive change. Disruptive change characteristics are typically:
. cheaper; . simpler;
. more convenient to use (perhaps having a near term trade-off in reduced performance)
Two fundamental outcomes of disruptive change are:
. while user expectations of what should be delivered are not changed, the delivery mechanism and architecture may change fundamentally. The functionality grows, eventually to outpace the functionality of the previous offering; . the value-add delivered almost always creates a new revenue streams, going to a new player.
Adoption of technology
The adoption lifecycle of emerging technology is perhaps best described by one of the worlds leading thinkers on technology marketing, Geoffrey A Moore, in his Technology Adoption Lifecycle Model, (refer to Figure 2 ). Moore (1991 Moore ( /2002 describes the model as a spectrum of demand for change between continuous and discontinuous innovations. He also introduces the market development 'chasm' as a void where many technologies disappear before they enter the mainstream market place.
The dynamic pace of the technology industry has many examples of products that on face value offered much promise. A classic example is the Apple Newton, which promised to revolutionise palm-top pen-based computing. It solved portability and mobility problems suffered by workers in the field, but failed in the market. More recently, the dotcom bust showed us that the promising Active Service Page (ASP) model for delivering software as a service also could not cross the market development chasm. Christensen (1997) argues that a larger chasm exists for established participants (than for new entrants) seeking to address disruptive threat. Moreover, he observes that when the functionality of the disruptive change catches up with the functionality of the status quo, the leaders of the older technology may cease to exist.
Issues: the information management environment
There is a range of information management (IM) and information technology (IT) issues and trends that need to be considered in developing an approach to VA.
All developers of operational information systems (whether spatial or aspatial) face the challenge of providing complete, accurate and timely information. Such systems include Enterprise Resource Planning (ERP, human resources, finance and administration), Customer Relationship Management (CRM) applications, and so on.
Recent efforts have targeted solutions delivering the 'Real-Time Enterprise' Á a concept analogous to VA but organisational in scope rather than geo-political. The objective is the same: to create a system that provides complete, correct and current information for all relevant events and objects.
While IT has traditionally been viewed primarily as a tool for enhancing the efficiency of defined business processes, the Real-Time Enterprise focuses on information Á the integration of business information as well as business processes.
Recent technology developments are enabling the realisation of the real-time enterprise concept. The key areas are data integration, mixed workloads and grid computing. The vast array of data necessary for VA cannot be co-located in the foreseeable future, if ever. The reality of this situation gives rise to three incremental, and progressively more sophisticated, methods of data management; data switches, data hubs and data suites.
Data integration
Traditional IT systems require different technologies to manage different data types, including structured data (names and addresses), unstructured data (documents, emails and images), and complex data such as XML and spatial. Commercial off the shelf technology is now available to provide integration of all types of data and seamless business processes.
Mixed workloads
Real-time enterprise captures, understands and acts on business events in real-time, requiring three computing workloads:
. transactions that capture business events and create new data;
. analysis for insight and understanding;
. collaboration to act on the data.
End-users act on the data, create new business events that generate new data, and complete the information lifecycle.
The real-time enterprise requires that data be integrated so that all three types of work Á transactions, analysis and collaboration Á can be simultaneously performed against shared data. Time delays associated with these data movement are a key impediment to the delivery of complete, correct and current business information.
Grid computing
Grid computing enables mixed workloads to be performed against consolidated data using collections of low-cost hardware elements. Grids of disposable hardware elements replace dedicated servers and storage, delivering dramatic improvements in scalability, availability and efficiency. In this context grid computing assumes the hardware elements are all physically co-located to ensure the delivery of the most rapid processing response.
Data switches
A data switch is the use of the web to access distributed stores of spatial data without actually bringing the data together. The central switch only holds metadata. Processing times are slow and some applications cannot be run at all. It is the most common method of data management at present being the earliest of the evolutionary paradigms. It is the least likely method for the delivery of the vision of VA, because it cannot deliver complete, correct and current information, and it is unable to combine the data with sufficient flexibility and performance to support sophisticated, ad-hoc complex analysis where the large datasets are not physically coresident in a centralised database.
Data hubs
Data Hubs allow businesses to achieve a single point of truth using two-way synchronisation between existing applications and a centralised master database. Data Hubs integrate the information while the majority of business functions continue to be supported by existing applications.
For example, the global credit card approval system uses the Data Hub method to ensure that consumers using their credit cards anywhere in the world can gain credit approval in seconds.
This same concept is now being applied to mainstream business applications in order to improve data quality without forcing migrations to new environments. The Data Hub method is one that could be considered for the design of VA.
Data Hubs act as a stepping stone, providing businesses with a means of progressively migrating towards the Data Suite concept, which remains the ultimate goal.
Data suite
The data suite is a network of two or more inter-connected processors with each processor capable of storing parts of the same database running distributed applications in a grid arrangement. The system is scalable so that as new processors are added additional processing capacity is gained in a directly linear relationship. The Data Suite method has been used to great effect by many commercial organisations.
Organisations can now have a single point of truth that provides complete, correct and current information affordably and reliably with all required datasets physically located on the one hardware platform. In the context of the realisation of the concept of VA the Data Suite method offers the best opportunity to provide the real-time delivery of the information products that make up VA. Its main limitations are the practical difficulty of bringing together (in the one grid network) all the applications and data that are likely to be required of VA. It may be however that a selected number of applications in the emergency services, disaster management, and defence areas can be managed with through a data suite.
The spatial information industry context
Since 2002 Information Technology Architectures have seen a consolidation phase, with a focus on Internet delivered solutions and the paramount value of content, as opposed to process, as an area of competitive advantage.
In the spatial information industry during this same time there has also been evidence of consolidation, a broadening of the definition of GIS to Spatial (reducing the significance of the G in GIS, and absorbing the G into the mainstream IS framework), and acknowledgment that the quality of spatial data and its content is paramount.
The focus given to spatial information from database vendors such as Microsoft, Oracle and IBM goes beyond their ability to store the information in a corporate database. Location based services and spatially enabling business applications have created the need to merge spatial queries with business queries resulting in an innovative dimension to reporting on data. There is now a developing movement away from proprietary spatial systems in favour of an Open Standards approach. IDC (2002) data note that Oracle currently commands above 90% of the spatial database market share. Jahshan and Kinne (2005) contend that Oracle leads this sector because of its implementation of the ISO TC211 standard that extends SQL to include spatial capabilities. This makes integration with SQL based business applications simpler and platform compatible.
In essence, spatially enabled business applications are where the productivity and competitive advantages lie for businesses. Figure 3 (IDC 2005) shows the potential for spatially enabled applications against that for established GIS.
We are now observing the maturation of the old GIS paradigm and the emergence of database driven spatial applications or spatially enabled applications. Treacy and Wiersema (1995) identify the signs of a failing value proposition as 'bolt on tactics' or 'temporary quick fixes' and go on to explain this in terms of the 'Road Map to Oblivion'. Companies displaying this behaviour have reached a threshold with respect to their current value proposition and in order to maintain revenue growth, include strategies which extend their perceived performance without addressing the real issue of reduced value.
The two market leaders in Australia have in the last three years exhibited market development behaviour that signals downward pressure on their existing revenue streams and product lines (Jahshan and Kinne 2005) that is akin to that described in Treacy and Wiersema (1995) . The current market leaders owe growth and repeatable revenue largely to shipping a product. The change to server side analytics and spatial information in an open standard database removes or reduces the value proposition of desk top client software. 
Industry challenges
Clearly, the spatial industry is not immune to change and is currently is coming to terms with many challenges which affect the value, user base and application of its technology. These are broadly identified by:
. . convoluted product add-ons;
. upgrades difficult to discern from previous versions; and . proprietary cul de sacs (vendor lock-in). . 3D (all current GIS vendors have a code base limited to 2D or 2.5D)
. cadastre, topographical data management and subterranean datasets are demanding 3D management environments; and . spatial databases are all capable of storing true 3D data. . IT departments are subsuming GIS . applying corporate standards to Spatial Data;
. opening data to other business applications (enterprise systems);
. making data more important than the application;
. taking a Process Solution (GIS) to an Enterprise Solution;
. enabling true ISO vendor independent Spatial Databases (Oracle, Progress, IBM DB2); . demanding open standards, reducing specialist requirements.
These challenges undermine the value of the incumbent GIS applications while simultaneously expanding the potential user community. Database vendors stand to gain most as they add business value in ways traditional GIS vendors have not.
The challenge of the chasm is not only relevant to the vendors, but to the industry as a whole.
Review
In review, VA is proposed as a is a virtual [digital] model containing and representing all non-trivial objects and their contextual environment Á from blue sky to bedrock Á in [real world] Australia. This distributed, heterogeneous network will include simple sensors, complex databases and services (applications, work flows and complex processes) that will enable analysis, modelling and visualisation, as well as the actual manipulation or control of physical world objects. The defining characteristic of VA is that it should provide a digital model containing a digital representation, or equivalent, of every non-trivial object in the physical world (refer to Figure 4) .
The deployment of VA will, of necessity, be both as high-minded as environmental monitoring and management through networks of environmental sensors and as base (but equally beneficial) as optimising daily activities through the collaborative deployment of people and processes Á the refrigerator delivery.
The technology and resources Á processing, content and communications Á exist to enable VA, but the economic and institutional shifts it will both cause and require are not yet defined, let alone adequately addressed. Consequently a full business case for VA is not going to appear in the immediate future. However, the arrival of Oracle, Google, Yahoo and Microsoft in the spatial arena appears set to change this, or at least provide an additional revenue stream as an impetus:
'There are billions of dollars of commerce down the road', said Chris Churchill, chief executive of Fathom Online, a search-engine advertising firm based in New York. It will all be an advertising-supported model, which is an epiphany for many people. ' (in Broad 2005) Whether static or dynamic, all elements of VA share a common unifying, and enabling characteristic: location, which is increasingly recognised by key IS vendors as offering competitive advantage. The importance of the spatial element (the defining element of VA) in the mainstream IT industry and in society in future cannot be underestimated.
Conclusion
Virtual Australia as an evolutionary process for current information management principles and practice is not hard to imagine. VA as a fully implemented virtual model of all non-trivial objects in the physical Australia is less achievable in the short to medium term.
However, it has now been shown that it is possible to create commercial Data Suites and Data Hubs that deliver near real-time business information. The complex nature of spatial information and the enormous data volumes needed to describe Australia magnify the challenges, but do not fundamentally alter the nature of the challenges Á the same principles apply. There is no fundamental reason why the same approach could not be successfully applied to deliver the VA vision of complete, correct and current information for Australia.
The arrival of major IT/IM forces such as Google, Microsoft and Oracle in the spatial arena herald the first step in the migration of spatial into the world's general IT/IM systems and indeed the first major step towards VA.
The key significance of the spatial component of VA is not to be underestimated. Whilst spatial information and spatial technology are still poorly understood and under-appreciated, it will soon be imperative for the wider community to gain this understanding and appreciation. The spatial industry has the opportunity and responsibility to provide strategic direction, to take the running in advancing towards VA, and to capitalise on the presence of Google, Microsoft and Oracle.
VA offers strong opportunities to the CRC-SI in terms of both a strategic vision and as the focal point for highly innovative research and development. The largest opportunities appear to lie in four areas:
. the development of an architecture, or framework, for a complete, current and correct virtual model of Australia; . data acquisition and analysis (rather than its storage and retrieval, which can be addressed by appropriate IT architecture); . depiction of the data in four dimensions with full topological and modelling capabilities; and . the ability for mobile users to access this four dimensional information in nearreal time.
The most ambitious definition of VA is as a model that provides complete, correct and current information about Australia via an information system that supports a wide variety of critical processes of national importance. Indeed the same principles apply to the international community and the information revolution that is underway promises fundamental changes to our collective future.
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